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Class 12 Physics 
Previous Year Questions 
Chapter-1 : Electric Charges 

and Fields 


1.ELECTRIC CHARGE 


Objective Qs (1 mark) 


1. An isolated point charge particle produces an electric field Eata point 3 m away from it. The 


distance of the point at which the field is E will be: 
(a)2 m 
(b) 3 m 
(c)4m 
(d)6m 


[CBSE 2023] 
2. Beams of electrons and protons move parallel to each other in the same direction. They: 
(a) attract each other 
(b) repel each other 
(c) neither attract nor repel 


(d) force of attraction or repulsion depends upon speed of beams 


[CBSE 2023] 


3. Two point charges placed in a medium of dielectric constant 5 are at a distance r between them, 
experience an electrostatic force ' F '. The electrostatic force between them in vacuum at the same 
distance r will be: 

(a)5F 
(b) F 


F 

(Oi 

(a) = 
[CBSE SQP Term-1 2021] 


4. In an experiment three microscopic latex spheres are sprayed into a chamber and became charged 
with charges +3e, +5e and —3e respectively. All the three spheres came in contact 
simultaneously for a moment and got separated. Which one of the following are possible values 
for the final charge on the spheres? 

(a) +5e, —1e, +5e 
(b) +6e, +6e, —7e 
(c) —4e, +3.5e, +5.5e 
(d) +5e, —8e, +7e 


[CBSE Term-1 2021] 


5. 


6. 


An object has charge of 1C and gains 5.0 x 1078 electrons. The net charge of the object becomes: 
(a) —0.80C 
(b) +0.80C 
(c) +4.80C 
(d) +0.20C 


[CBSE Term-1 2021] 


Three charges q, —q and q, are placed as shown in figure. The magnitude of the net force on the 


charge qo at point O is Ik = 


(ATtEg) ` 
wy y 
-q 
a 
q 
< do|} >x 
<a> 


(a) 0 

(b) = 
ca 
ogee 


[CBSE Term-1 2021] 


Four objects W, X,Y and Z each with charge +q are held fixed at four points of a square of side d 
as shown in the figure. Object X and Z are on the midpoints of the sides of the square. The 
electrostatic force exerted by object W on object X is F. Then the magnitude of the force exerted 
by object W on Z is: 


W 


ex 
e 


Ne 


(a) = 

F 
(b) z 
OF 


F 
(d) 


[CBSE Term-1 2021] 


8. A negatively charged object X is repelled by another charged object Y. However, an object Z is 
attracted to object Y. Which of the following is the most possibility for the object Z ? 
(a) positively charged only 
(b) negatively charged only 
(c) neutral or positively charged 


(d) neutral or negatively charged 


[CBSE Term - 1 2021] 
For Question 9, two statements are given one labelled Assertion (A) and other labelled Reason 
(R). Select the correct answer to these questions from the options as given below. 
(a) If both Assertion and Reason are true and Reason is correct explanation of Assertion. 
(b) If both Assertion and Reason are true but Reason is not the correct explanation of Assertion. 
(c) If Assertion is true but Reason is false. 


(d) If both Assertion and Reason are false. 


9. Assertion (A): Work done in moving a charge around a closed path, in an electric field is always 
zero. 


Reason (R): Electrostatic force is a conservative force. 


[CBSE 2023] 


10. Two charged particles P and Q, having the same charge but different masses mP and mQ, start 
from rest and travel equal distances in a uniform electric field Ë =in time tp and to respectively. 


Neglecting the effect of gravity, the ratio (72) is: 


(a) mp/mg 


(b) - 


(2024) 


11. Consider a group of charges q1, q2, q3 ... such that £q # 0. Then equipotentials at a large distance, 


due to this group are approximately: 


(a) Plane 


(b) Spherical surface 
(c) Paraboloidal surface 
(d) Ellipsoidal surface 
(2024) 


Very Short & Short Qs (1-3 mark) 


12. If the electric flux entering and leaving a closed surface in air are &, and &, respectively, the net 
electric charge enclosed within the surface is 
[CBSE 2020] 


13. Two identical point charges, q each, are kept 2 m apart in air. A third point charge Q of unknown 
magnitude and sign is placed on the line joining the charges such that the system remains in 
equilibrium. Find the position and nature of Q. 


[CBSE 2019] 


14. Two identical conducting balls A and B have charges —Q and +3Q respectively. They are 
brought in contact with each other and then separated by a distance d apart. Find the nature of 
Coulomb force between them. 


[CBSE 2019] 


15. What is the electric flux through a cube of side 1 cm which encloses an electric dipole? 
[CBSE 2015] 
16. Two balls of equal positive charge q Coulombs are suspended by two insulating strings of equal 
length. What would be the effect on the force when a plastic sheet is inserted between the two? 


[CBSE 2014] 


CASE STUDY QUESTIONS 


17. The figure shows four pairs of parallel identical conducting plates, separated by the same distance 
2.0 cm and arranged perpendicular to x-axis. The electric potential of each plate is mentioned. The 
electric field between a pair of plates is uniform and normal to the plates. 


-70V -50V -50V +150 V -20V +200V 100V -400V 


(i) For which pair of the plates is the electric field E along i ? 
(a) fy > By > E; > Ey 
(b) E3 > Ey > Ey > Eo 
()Eı>E > Eo > Fy 
(d) Ea > Es > Ey > Fi 


(ii) An electron is projected from the right plate of set | directly towards its left plate. It 
Just comes to rest at the plate. The speed with which it was projected is about: 
(Take e/m = 1.76 x 101 C/kg) 
(a) 1.3 x 10° m/s 
(b) 2.6 x 10° m/s 
(c) 6.5 x 10° m/s 
(d) 5.2 x 107 m/s 
(iii) Let Vo be the potential at the left plate of any set, taken to be at x = 0 m.m. T 
potential V at any point (0 <r <2 cm) between the plates of that set can be 
expressed as: 
(a) V = Vo + az 
(b) V = Vo + az? 
(O V = Vo + ar"? 
(d) V = Vo + az?’ 


(iv) Let £1,£2,/3, and E4 be the magnitudes of the electric field between the pairs 
of plates, |, Il, Ill, and IV respectively. Then: 
(a) 21 > #2 > E3 > E4 


(b) £3 > E4 > Ej > £2 


(d) E4 > E3 > £2 > Ej 


(d) £2 > E3 > E4 > F1 


(2024) 


2. ELECTRIC FIELD AND ELECTRIC DIPOLE 


Objective Qs (1 mark) 


18. An electric dipole placed in an electric field of intensity 2 x 10° N/C at an angle of 30° 
experiences a torque equal to 4Nm. The charge on the dipole of dipole length 2 cm is: 
(a) 7uC 
(b) 8mC 
(c) 2mC 
(d) 5mC 
[CBSE SQP 2023] 


19. Two point charges +8q and —2q are located at x = 0 and x = L respectively. 
The point on x-axis at which net electric field is zero due to these charges is: 
(a) 8 L 
(b) AL 


(c)2L 
(d) L 
[CBSE SQP Term-1 2021] 


20. The electric potential V at any point (x, y, z) is given by V = 3x? where x is in metres and V in 
volts. The electric field at the point (1 m, 0.2 m) is: 
(a) 6 V/m along (-x)-axis 


(b) 6 V/m along (+x)-axis 
(c) 1.5 V/m along (—x)-axis 
(d) 1.5 V/m along (+x)-axis 
[CBSE Term-1 2021] 


21. Which of the diagrams correctly represents the electric field between two charged plates if a 
neutral conductor is placed in between the plates? 


(a) 

(b) 

(c) 
++ HF HH Hr +++ + 
E 

(d) 


PAS 
E — — — Ts 
22. The magnitude of electric field due to a point charge 2q, at distance r is E. Then the magnitude of 
electric field due to a uniformly charged thin spherical shell of radius R with total charge q ata 


[CBSE Term-1 2021] 


distance - (r >> R) will be: 


E 
(a), 
(b) 0 
(c) 2E 
(d) 4E 


[CBSE Term-1 2021] 


23. A + 3.0nC charge Q is initially at rest at a distance of r, = 10 cm from a +5.0nC charge fixed at 
the origin. The charge Q is moved away from q to a new position at r, = 15 cm. In this process 
work done by the field is: 

(a) 1.29 x 107° J 
(b) 3.6 x 10° J 
(c) —4.5 x 1077 J 
(d) 4.5 x 1077 J 


[CBSE Term-1 2021] 


24. Four charges —q, —q, +q and +q are placed at the corners of a square of side 2 L is shown in 
figure. The electric potential at point A midway between the two charges +q and +q is: 


+q -q 
A 2L 
+q -q 


@ iat (1) 
Gor 


Oz 


(d) zero 


[CBSE Term-1 2021] 


25. An electric dipole placed in a non-uniform electric field can experience: 
(a) torque but not force 
(b) force but not torque 
(c) always a force and a torque 


(d) neither a force nor a torque 


[CBSE SQP 2020] 


For Question 26, two statements are given one labelled Assertion (A) and other labelled 
Reason (R). Select the correct answer to these questions from the options as given below. 

(a) If both Assertion and Reason are true and Reason is correct explanation of Assertion. 

(b) If both Assertion and Reason are true but Reason is not the correct explanation of Assertion. 
(c) If Assertion is true but Reason is false. 


(d) If both Assertion and Reason are false. 


26. Assertion (A): A negative charge in an electric field moves along the direction of the electric field. 
Reason (R): On a negative charge a force acts in the direction of the electric field. 


[CBSE Term-1 2021] 


27. A thin plastic rod is bent into a circular ring of radius R. It is uniformly charged with charge 
density . The magnitude of the electric field at its centre is : 


(a) 


2 EoR 


(b) Zero 


À 
4T EoR 


(c) 


(d) 


4 ER 
(2024) 


28. Assertion: Equal amounts of positive and negative charges are distributed uniformly on two halves of a 
thin circular ring as shown in the figure. The resultant electric field at the center O of the ring is . 


along OC 


Reason (R): It is so because the net potential at O is not zero. 


(a) If both Assertion (A) and Reason (R) are true and Reason (R) is the correct explanation of 
Assertion (A). 


(b) If both Assertion (A) and Reason (R) are true and Reason (R) is not the correct explanation of 
Assertion (A). 

(c) If Assertion (A) is true but Reason (R) is false. 

(d) If both Assertion (A) and Reason (R) are false 


(2024) 


Very Short & Short Qs (1-3 marks) 


29. Two charged conducting spheres of radii a and b are connected to each other by a wire. Find the 
ratio of the electric fields at their surfaces. 


30. (A) A uniformly charged large plane sheet has charge density o = (—) x 102° C/m?. Find the 
electric field at point A which is 50 cm from the sheet. 


Consider a straight line with three points P, Q and R, placed 50 cm from the charged sheet on the 
right side as shown in the figure. At which of these points, does the magnitude of the electric field 
due to the sheet remain the same as that at point A and why? 


o 


A 50 cm 50 cm 
e< 


10 cm 


(B) Two small identical conducting spheres carrying charge 10uC and —20uC when separated by 
a distance of r, experience a force F each. If they are brought in contact and then separated to a 


distance of r/2 , what is the new force between them in terms of F? 


[CBSE 2021] 


31. Two point charges of +1uC and +4uC are kept 30 cm apart. How far from the +1uC charge on 
the line joining the two charge, will the net electric field be zero? 


[CBSE 2020] 


32. Derive the expression for the torque acting on an electric dipole, when it is held in a uniform 
electric field. Identify the orientation of the dipole in the electric field, in which it attains a stable 
equilibrium. 

[CBSE 2020] 
OR 


If dipole were kept in a uniform external electric field Eg, diagrammatically represent the 
position of the dipole in stable and unstable equilibrium and write the expression for the torque 
acting on the dipole in both the cases. 


[CBSE 2017] 


33. Define electric dipole moment. Is it a vector or scalar quantity? 
[CBSE 2019] 


34. Draw the pattern of electric field lines, when a point charge —Q is kept near an uncharged 
conducting plate. 
[CBSE 2019] 


35. Depict the orientation of the dipole in (A) stable, (B) unstable equilibrium in a uniform electric 
field. 


[CBSE 2017] 


36. (A) Using Gauss law, derive expression for electric field due to a spherical shell of uniform 
charge distribution o and radius R at a point lying at a distance x from the centre of shell, such 
that 


(i)0 <x < R, and 
(ii) x >R. 


(B) An electric field is uniform and acts along +x direction in the region of positive x. It is also 
uniform with the same magnitude but acts in —x direction in the region of negative x. The value 
of the field is E = 200 N/C for x > 0 and E = —200 N/C for x < 0. A right circular cylinder of 
length 20 cm and radius 5 cm has its centre at the origin and its axis along the x-axis so that one 
flat face is at x = +10 cm and the other is at x = —10 cm. 


Find: 
(i) The net outward flux through the cylinder. 
(ii) The net charge present inside the cylinder. 


37. (A) Derive an expression for the electric field at any point on the equatorial line of an electric 
dipole. 


(B) Two identical point charges, q each are kept 2 m apart in air. A third point charge Q of 
unknown magnitude and sign is placed on the line joining the charged such that the system 
remains in equilibrium. Find the position and nature of Q. 


[CBSE 2019] 


38. A charge is distributed uniformly over a ring of radius ' a '. Obtain an expression for the electric 
intensity E at a point on the axis of the ring. Hence, show that for points at large distances from 
the ring, it behaves like a point charge. 


[CBSE 2016] 


39. Derive an expression for potential energy of an electric dipole p in an external uniform electric field £ . 
When is the potential energy of the dipole (1) maximum, and (2) minimum ? 


(2024) 


Numerical Qs (1-5 marks) 


40. A hollow cylindrical box of length 1 m and area of cross-section 25 cm? is placed in a three 
dimensional coordinate system as shown in the figure. The electric field in the region is given by 
E = 50xi, where, E is in NC”! and x is in metre. 


y 


Find: 
(A) net flux through the cylinder and 


(B) charge enclosed by the cylinder. 
[CBSE 2014] 


3. ELECTRIC FLUX AND GAUSS'S THEOREM 


Objective Qs (1 mark) 


41. A cylinder of radius R and length L is placed in a uniform electric field E parallel to the cylinder 
axis. The total flux for the surface of the cylinder is given by: 
(a) zero 
(b) +1 
(c) -1 
(d) can be zero or +1 


[CBSE 2022] 


42. A square surface of side L meters is in the plane of paper. E is limited only to the lower half of the 
square surface as shown in the figure. Electric field E is in V/m. The electric flux (SI units) 
associated with the surface is: 


my 


(a) EL? 
(Ky 


ZEo 

EL? 
Grm 
(d) zero 


[Delhi Gov. SQP 2022] 


43. A square sheet of side ' a ' is lying parallel to XY-plane at z = a. The electric field in the region is 
E = cz?k. The electric flux through the sheet is: 
(a) atc 
(c) atc 
(b) - ae 
(d) 8 
[CBSE Term-1 2021] 


44. Which statement is true for Gauss's law: 
(a) All the charges whether inside or outside the Gaussian surface contribute to the electric flux. 
(b) Electric flux depends upon the geometry of the Gaussian surface 


(c) Gauss's theorem can be applied to nonuniform electric field 


(d) The electric field over the Gaussian surface remains continuous and uniform at every point. 


[CBSE Term-1 2021] 


45. Two parallel large thin metal sheets have equal surface densities 26.4 x 107t?c/m° of opposite 
signs. The electric field between these sheets is: 
(a) 1.5 N/C 
(b) 1.5 x 10718 N/C 
(c) 3 x 1071? N/C 
(d) 3 N/C 


[CBSE SQP Term-1 2021] 
46. If the net electric flux through a closed surface is zero then we can infer that: 
(a) no net charge is enclosed by the surface 
(b) uniform electric field exists within the surface 
(c) electric potential varies from point to point inside the surface 


(d) charge is present inside the surface 
[CBSE SQP 2020] 


Very Short & Short Qs 1-3 marks 


47. (A) Use Gauss law to obtain an expression for the electric field due to an infinitely long thin 
straight wire with uniform linear charge density A. 


(B) An infinitely long positively charged straight wire has a linear charge density A, An electron is 
revolving in a circle with a constant speed v such that the wire passes through the centre, and is 
perpendicular to the plane, of the circle. Find the kinetic energy of the electron in terms of 
magnitudes of its charge and linear charge density A on the wire. 


(C) Draw a graph of kinetic energy as a function of linear charge density A. 
[CBSE 2023] 


48. (A) Consider two identical point charges located at points (0,0) and (a, 0). 


(i) is there a point on the line joining them at which the electric field is zero? 
(ii) Is there a point on the line joining them at which the electric potential is zero? 
Justify your answers for each case. 


(B) State the significance of negative value of electrostatic potential energy of a system of 
charges. 

Three charges are placed at the corners of an equilateral triangle ABC of side 2.0 m as shown in 
figure. Calculate the electric potential energy of the system of three charges. 


+4.0 uC 
A 


B C 
-4.0 uC +2.0 uC 


[CBSE 2023] 


49. Electric flux through a spherical surface shown in the figure, is 


+4, 


[CBSE 2020] 


50. Two charges of magnitudes —2Q and +Q are located at points (a, 0) and (4a, 0) respectively. 
what is the electric flux due to these charges through a sphere of radius 3a with its centre at the 
origin? 


[CBSE 2016] 


51. How does the electric flux due to a point charge enclosed by a spherical Gaussian surface altered 


when its radius is increased? 
[CBSE 2016] 


52. Given a uniform electric field Ë = 5 x 1037N /C, find the flux of this field through a square of 
10 cm ona side whose plane is parallel to the y — z plane. What could be the flux through the 
same square if the plane makes 30° angle with the x-axis? 


[CBSE 2014] 


53. S4 and S, are two hollow concentric thin spherical shells enclosing charges Q and 2Q respectively 
as shown in figure. 


A S2 


(A) What is the ratio of the electric flux through S4 and S, ? 


(B) How will the electric flux through the shell S4 change, if a medium of dielectric constant 5 is 


introduced in the space inside S, in place of air? 


[CBSE 2014] 


54. A cube of side 0.1 m is placed, as shown in the figure, in a region where electric field E = 500x i 
exists. Here x is in meters and E in NC”-1. 
Calculate: 


(a) the flux passing through the cube, and 
(b) the charge within the cube. 


(2024) 


55. (a) Define the term ‘electric flux’ and write its dimensions. 
(b) A plane surface, in shape of a square of side 1 cm is placed in an electric field E = 


(1004) 2 such that the unit vector normal to the surface is given by n = 0.87 + 0.6k 
Find the electric flux through the surface. 


(2024) 
Long Qs (4-5 marks) 


56. An electric field is uniform and acts along +x direction in the region of positive x. It is also 
uniform with the same magnitude but acts in —x direction in the region of negative x. The value 
of the field is E = 200 N/C for x > 0 and E = —200 N/C for x < 0. A right circular cylinder of 
length 20 cm and radius 5 cm has its center at the origin and its axis along the x-axis so that one 
flat face is at x = +10 cm and the other is at x = —10 cm. Find: (A) The net outward flux 
through the cylinder. (B) The net charge present inside the cylinder. 


[CBSE 2020] 


Class 12 Physics 
PYQ Solutions 
Chapter-1 : Electric Charges 
and Fields 


ELECTRIC CHARGE 


1. (d)6m 

kq 

ae 

kq 

= 
Explanation: — = ee uae 
4 9x4 

kq kq 

r2 36 

r? = 36 

r=6 


2. (b) repel each other 


Explanation: Electrons are negatively charged and the protons are positively charged. Hence the 
currents carried by them are in opposite direction. Hence, they will repel each other. 


3. (a) 5F 


Explanation: 


Force between the charges in the air is. 


4. (b) +6e, +6e,—7e 


Explanation: Sum of three charges before they come in contact is +5e. Therefore, after contact, the 
sum of charges will remain the same. 


5. (d) +0.20C 


Explanation: As the electrons are gained, we get, 


Q=ne 
= 5.0 x 1018 x 1.6 x 10719 
= 0.80C 


But, the charge of 1C gains electrons therefore, 


1C — 0.8C = 0.20C 


V2k 
6. (© — 


Explanation: 


Force on qo due to q, 


— 1 qoq 
F, = — (i 
1" Ame, a? = 
Force on gu due to —q. 
— 1 qoq 
F, = —( 
2 Amey a? 0) 
Now, Net force on go, 
Fret = F, + È, 
lol, n y 
= —(-i+ 
ATE, a? ey) 
[ne | = V2 ( = zw. 
net ATE, az a2 


7. (b) 


10. 


11. 


12. 


13. 


Explanation: Force on X will be, 


4kq? 
rae- 
d2 
Distance between W and Z will be, 
ja 5d2 
| 4 
, _ 4kq? 
~~ 5d? 
On comparing both the equations, 
tF = 2 
we get, =; 


(d) neutral or negatively charged 


Explanation: The charge Z might be positive because it is attracted by the charge Y. Negatively 
charged objects attract neutral or positively charged objects. Any charged particle attracts neutral 
charge. As aresult, Z might be either positive or negative. 


(a) If both Assertion (A) and Reason (R) are true and Reason (R) is the correct explanation of (A). 


Explanation: The given statement, work done in moving a charge around a closed path, in an electric 
field, is always zero is true. This is because the electric field is a conservative field, which means that 
the work done in moving a charge between two points in the field is independent of the path taken by 
the charge. 


The electrostatic force is a conservative force. This means that the work done by the electrostatic 
force on a charge moving between two points in an electric field is independent of the path taken by 
the charge. 


mp 
(c) To (2024) 
(B) Spherical surface (2024) 


If the electric flux entering and leaving a closed surface in air are @, and &, respectively, the net 
electric charge enclosed within the surface is €9(@2 — $4). 


Let x be the distance of Q from either charge. Let us assume the following figure: 


4 q—2-x—_» 
+q Q +q 
1—2 m — 


First we need to figure out the sign of Q. 


14. 


15. 


16. 


Since, it has to be kept between the two positive charges, hence it has to be negative. This is so 
because if Q has positive charge, it will get repelled by both q charges and hence the system will not 
be in equilibrium. 


Now, the force on Q should be equal by both q and the equation will be given by: 
Qq Qq 


Ame x2  4TE(2 — x)? 


Which leads to, 
x= Q=—xyP 
=> x? =4+x? — 4x 
x=1m 


The force between them is repulsive in nature. 
As the two balls are brought in contact with each other, they exchange their charges till they both 
attain the same charge which is, 


IE = +Q. 


Since, both acquire the same charge +Q, 
Hence, they repel each other. 


Since electric dipole is made up of +q 
din = 0 
flux = 0 
The two balls will come closer to each other. As we know, force between the two objects can be 
written as: 
BESK 
— Ante, r? 


If a plastic sheet is inserted between the two objects, then the equation will become: 


2 


_ i 4 
~ Amey Kr? 


Where, K is the dielectric constant of the material which tends to reduce the force between the two 
balls. Hence, they will move a little towards each other. 


17. (i) D) IV 


(ii) (D) accelerate along ^i 
T 


(ii) (A)V = Vo + ax 1° [@a)Esin 8] 
4 
2% 10-2x 2x 105sin 30° 
(iv) @) (C)E4 >E3 > E2 >EI io x 103C=2mC 
(2024) 
2. ELECTRIC FIELD AND ELECTRIC DIPOLE 
18. (c) 2mC 
_ T 
1° T(2a)Esin 0] 
5 4 
~ 2x 10-2 x 2 x 105sin 30° 
= 2x 1073C = 2mC 
19. (c) 2L 


Explanation: Let P is the observation point at a distance r from —2q and at (L + r) from +8q 


en > 
© O< =“ D 
8q -2q 7" 


Given Now, Net EFI at P = 0 


u E, = EFI (Electric Field Intensity) 
E, = EFI (Electric Field Intensity) 
E = Ë, at P due to — 2q 
k(8q) _ k(2q) 


“ (L+r)} r? 
4 1 
“ET OF 
4r?=(L+r)? 
2r=L+tr 
r=L 


„ Pisatx = L + L =2 L from origin 


20. (a) 6 V/m along -x-axis 


Explanation: 


As the electric field is only changing in negative x-direction, 6 x 1 = 6 V/m 


21. (d) 
KEN 
| 
Explanation: Electric field is always normal to the surface of the conductor. 
22. (c) 2E 


Explanation: We know that, 


Given: 
q 
E = k r2 
q = 2q 
r=r 
then 
2q 
E = ka 
According to question, If, 
then 
q=4q 
zz 
rag 
eh 1 - 
(2) 
1 4q 
E = 72 
A 2q 
E = 2k77 
E'= 2E 
= 2E 


[From eq. (ii)] 


23. (d) 4.5 x 1077 J 


Explanation: 


24 


25, 


26. 


27. 
28. 


29. 


Putting the values in the formula, we get 4.5 x 1077 J. 


- (a) welt z a 


Explanation: 
Va =V, +V: + V + V3 
oe Be 2 
AméglL L VSL V5L 
Taking the LCM, 
We get, 


(c) always a force and a torque. 


Explanation: In a non-uniform electric field, the forces on both the charges are not equal due to the 
relative distances of the charges. Hence, the force does not cancel out. Similarly, the torque will also 
remain same due to the configuration of the charges. 

(d) If both Assertion and Reason are false. 


Explanation: A negative charge experiences force opposite to direction of electric field. 


(B) Zero(2024) 
(C) Assertion (A) is true but Reason (R) is false (2024) 
Let a be the radius of a sphere A, Q, be the charge on the sphere, and C, be the capacitance of the 


sphere. Let b be the radius of sphere B, Qg be the charge on the sphere, and Cp be the capacitance of 
the sphere. Since the two spheres are connected with a wire, their potential (V) will become equal. 


Let E, be the electric field of sphere A and Ep be the electric field of sphere B. Therefore, their ratio, 


Ea _ Qa b? x ATE) 
Ep u ATED x az Qg 

E b? 

Ea _ Qa bT 

Eg Qg a? 


Qa Cav 
However, “ = —— 
QB CBV 


CB b 
Mint 
Qs b 
Putting the value of (ii) in (i), we obtain 
Ea _ a b? en b 
Eg ba? a 


. soii . b 
Therefore, the ratio of electric fields at the surface is > 


30. (A) Electric field due to uniformly charged sheet, 


oO 
= Dex 
j= (2) x 10-15C/m2 
182 
(755) 10-15C/m? 


ze u — 
2 x 8.85 x 10712C2 N-1 m~? 


On solving we get 
E = 1x 1076 N/C outwards. 


At point Q, because at 50 cm, the charge sheet acts as a finite sheet and thus the magnitude remains 
same towards the middle region of the plane sheet. 


(B) Given, q4 = 104C, q2 = —20uC 


NI N 


7 =r n= 
1 
F x qiq2 and F «7 


When two identical conductors having charges q4 and q, are kept in contact and separated later than 
each has charge 


T 


Initial charges are q4 and —q3, then each has a final charge, 


‚_+9@ 
q = 


2 
_ 10 + (-20) 


er 
2 ue 


So, q’? = 25(uC)? while gq = (-200)(uC)2. 


X 
F rĉ/4 qıq2 


i.e., new force is repulsive and half of the initial force. 


31. Given, 
Two charge 
qı = +luc 
qp = 1uC 
q2 = 4uC 


d = 30 cm =3m 


Let point P( where, fiuc = 0) is at distance r form q4 [ref. image] 


A fy P fi B 
© un — 1 — 2 
qı 10e q2 
OO > 
i (3-r) 
Fi + F, = 0 
1 x qp 9294p 
k 72 k G-r} =0 
qi q2 
r? (8-r} 
Er) 2-14 
r qy 1 
3- ry? 3-r 
( ) =4or = 2 
r 
3-r 
=+2 


r=.1m=10cm 


32. Consider a permanent dipole, of dipole moment p in a uniform external field E, as shown in figure. 


33, 


34. 


35. 


There is a force qE on q and a force —qE on <q. 
The net force on the dipole is zero since E is uniform. 
Magnitude of torque = qE X 2asin 0 

= 2qaEsin 0 


Its direction is normal to the plane of the paper, coming out of it. 
The magnitude of p x E is pEsin @ and its direction is normal to the paper, coming out of it. 


Thus, ? = ø x E, where p = 2qa 


When the dipole is placed in an electric field in the direction of the field i.e., when 9 = 0°, it attains a 
stable equilibrium. 


The electric dipole moment is a vector quantity whose magnitude is equal to the product of either 
charge and the separation between them. 


When a point charge —Q is kept near an uncharged conducting plate, then it induces charges on it. 
The side of the plate towards the charge (-Q) would have a net positive charge (+Q) and the other 
side would have a net negative charge (-Q). 


Such that, the electric field lines start from positive charge and end at a negative charge, Thus, 


The electric lines would look like. 


: $ 
2 a: ane: 
eee eee eee ee nun nn ee nun eee eee eee cee eee eee ee > 
Passen We E AE OEE aera Trennen > 
ONCE OEL EEE ENTER > 
ERTL CHT tp 
> 
+ - 
44V > E 

rn > 
PLFFPFEEEERPEREREEEREEEREEFEEFREREERELELERERRUOFRUERUEREFEUERON > 


(A) Stable equilibrium, 6 = 0°. 
P is parallel to E 
(B) Unstable equilibrium, 6 = 180°. 
P is anti parallel to E. 
36. Let us draw a Gaussian surface of radius r and consider a point P on it. 


Surface charge 


Gaussian surface 
density,o a 


Electric Field due to Spherical Shell 


For a spherical shell which is uniformly charged the field will vary as follows. 


On the surface and outside the shell 


Inside the cell 
Since there is no change inside the shell hence qene = 0 and therefore, E=0 
Le. (i) forO<x<R,E=0 


(ii) for x > R, 


(B) 


Y axis 


m@_ — 20 cm —— 
x'=-10cm x=+10cm 


(i) The net outward flux through the cylinder, 


f =EA+EA=2EA 
= 2 x 200 x 3.14 x (0.05)? 
[e A= mr? | 
= 400 x 3.14 x 25 x 1074 
= 3.14NC-! m? 


(ii) The net charge inside the cylinder 
q = eof [ By using Gauss' law | 


= 8.854 x 10°! x 3.14 
= 2.78 x 1071C. 


37. (A) 


Field on an Equatorial Point 


The field at the point P is given by, 


E = —(E,, + E_q)cos@ 


E ( ee. yp ) 9 
= — | — + — | cos 
Amey (r? +a?) Ame, (r? + a?) 


a 


va +r? 


cos 0 = 


4 2qa R 
E= 3 253/2 
Ame (r2 + a2)?/ 
For a large distance, where r >> a, 


= 2ga 
E= q 


4TEnr? 


In terms of dipole moment it translates into; 


E = — 
= ñ 
Amtegr? 


(B) Let x be the distance of Q from either charge. 
Let us assume the following figure: 


x 4—2 xX 


+q Q +q 
1—2 M — 


First we need to figure out the sign of Q. Since it has to be kept between the 
two positive charges hence it has to be negative. This is so because if Q has positive charge it will get 
repelled by both q charges and hence the system will not be in equilibrium. 


Now the force on Q should be equal by both q and the equation will be given by: 


Qq Qq 


ATE x? = ATE) (2 — x)? 


Which leads to, 
x? = (2 — x)? 
> x? =4+x? — 4x 
x=1m 


38. Consider a uniform circular ring of radius ' a ' carrying a charge Q distributed uniformly over its 
surface. Let P be a point situated at a distance r from the centre of ring along its axis. Consider an 


electric of point A of the ring carrying a charge, dq = 2 dl 


dE cos 8 
P X 


dE sin 8 dE 


The electric field at point P due to this element is given by, 


1 dq 1 Qdl 


Te FE NAHE. 
ae Arne, (AP)? Ane,2na(r? + a?) 


The electric field AE, directed along the direction AP, subtends an angle O with the axis of ring and 
can be resolved into two components namely (i) AEcos @ along the axis of ring, and (ii) AF sin 0 
normal to the axis of ring. 


It is clear from symmetry that the normal components AEsin @ due to mutually opposite charge 
elements at A and B nullify each other. Hence, net electric field due to whole ring will be, 


E= | dEcos@ 


1 Qdl 
a | Are, 2ra(a? + r?) as +r?) 
1 Qr 
~ Ane, 2na(r2 + a | a 
1 Qr 
me, 2na(r? + a?) 
1 Qr 


~ Arte, (r? + a?)3/2 


21a 


The field E is directed along the axis OP of the charged ring. If r >>, then the above relation may be 
expressed as: 


This shows that for points far from the ring, it behaves like a point charge. 


39, 


The amount of work done in rotating the dipole from 6 =9 0 to 6 =01 by the external torque 


a 
W= f r „d0 


So 


= | pEsin@ d0 


% 


W= pE(cos @, — cos 4,) 
For 4, =5 and 0, =® 


= pE(cos z —cos 0) 
U(@) = - pE cos@ 


> =t 


=-p.E 


(1) Potential energy is maximum when: P is antiparallel to E Alternatively: 6 = 180° or n radians 


(2) Potential energy is minimum when: P is along to E Alternatively: 6 = 0° 


(2024) 
40. (A) 
y 
O x 
BA nB 
zim 


Given, E= 50x) 
and AS = 25 cm? 
= 25 x 10 m?. 


As the electric field is only along the x-axis, so flux will pass only through the cross-section of 
cylinder. 


Magnitude of electric field at cross-section A, 
Ea = 50 x 1 = 50NC7t 


Magnitude of electric field at cross - section B, The corresponding electric fluxes are, 


$a = Eq: AS 
= 50 x 25 x 1074 x cos 180° 
= —0.125N—m?C7! 


gp = Eg AS 
= 100 x 25 x 1074 x cos 0° 
=0.25N-m?’c" 


and bp = Eg - AS 
So, the net flux through the cylinder, 


= 0.1 N m2C7? 


(B) Using Gauss's law, 


6 E.4=I..$ ieg 
Eo 


q 
J = 
j 8.85 x 10712 
q = 8.85 x 0.125 x 10° 


= 0.885 x 1071C 
3. ELECTRIC FLUX AND GAUSS'S THEOREM 


41. (a) zero 


Explanation: As per the question 


ap 


—______ ———¥ 


Flux through the curved surface is zero as the electric field does not cross it. The flux through the flat 
face is also zero as total incoming and outgoing flux is zero. 


42. (d) zero 


Explanation: Electric flux, 


E -dS 


br 


| EdScos 6 [ 0 = 90°] 
=| EdScos 90° = 0 


The lines are parallel to the surface. 


43. (a) atc 
Explanation: Given that: z = a 


= cz?dxdyk 
= cz*dxdyk 


= ca? [ax dy 


cz’[x]olylö 
= cz?[z][z] 


Sg = caf (zen 


44. (d) The electric field over the Gaussian surface remains continuous and uniform at every point. 


Explanation: From Gauss's law of electrostatics, we know that only charges contain within the 
Gaussian surface contribute to the flux. Also, we know the electric flux depends only on total charge 
and nature of medium and has nothing to do with geometry. Further more Gauss's theorem is 
applicable to the case of uniform electric field as that will allow the formation of a symmetrical 
Gaussian surface. Hence, option (a), (b), (c) are also false. Turns out that electric field remains 
continuous at every point over a Gaussian surface. 


45. (d) 3 N/C 


Surface charge density, 


E 
E 
Surface charge density, o = 26.4 x 107!7Cm~? 
p= o A o 
“22. "28, 
_ 20 0 
2, £ 
_ 26.4 x 107+? C 
~ 8.85 x 10712 C 
TC 


46. (a) No net charge is enclosed by the surface. 


Explanation: As per Gauss's law the electric flux through a surface is proportional to the net charge 
enclosed by the surface. Hence, if the flux is zero, it means the total charge inside is also zero. 


47.(A) 


+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
aL 
+ 
+ 
+ 
+ 
+ 


The wire is considered to be a cylindrical Gaussian surface. This is because to determine the electric 
field E at point P, Gauss law is used. 


The surface area of the curved part is given as: 
S = 2nRl 
The total charge enclosed by the Gaussian surface is given as: 
q=Al 
The electric flux through the end surfaces of the cylindrical Gaussian surface is given as: 
$i, = 0 
The electric flux through the curved surface of the cylindrical Gaussian surface is given as: 


dz = Ecos -s 
gd, =Ex1x2nrl 


The total electric flux is given as: 


p= 1+ 2 
$ = 0 + Ecos 8.s 
Q2 = 2nrlE 


From Gauss law, we know that 


q Al 
p = — = — 
& €o 
From eq. (i) and eq. (ii) 
Al 
2nrlE = — 
E0 
«1. A 
Ze, r 


Therefore, the above equation is the electric field due to an infinitely long straight uniformly charged 
wire. 


(B) Infinitely long charged wire produces a radical electric field. 


À 
— 2neor 


The revolving electron experiences an electrostatic force and provides necessarily centripetal force. 


mv 
eE = — 
r 
e.A mv? 
Inert 
3 ei 
> mv’ = 
ZTTEg 
Kinetic energy of the electron, 
1 ei 
K=<-mv? = 
2 2TTEy 
©) 
KE 
1— 


48. (A) (i) Yes, there is a point on the line joining the two charges at which the electric field is zero. This 
point is called the midpoint between the two charges, which is located at (0, a — 0). At this point, the 


electric fields due to the two charges are equal in magnitude but opposite in direction, so they cancel 
out each other resulting in zero net electric field. 


(ii) To find the point on the line joining the charges at which the electric potential is zero, we need to 
find the point where the potential due to one charge is equal in magnitude but opposite in sign to the 
potential due to the other charge. This occurs when the distance from each charge to the point is 
proportional to the magnitude of the charge. Let the potential at a point ( x, 0) due to the charge at 
(0,0) be V,, and the potential due to the charge at (a, 0) be V,. Then, we have: 


_kq kq 
m 
_kq _ kq 


2 N,  (@-x) 


Where k is the Coulomb constant, q is the magnitude of each charge, 7, and r, are the distances from 
each charge to the point (x, 0). To find the point at which V, = —V,, we solve for x: 


kq —kq 


x (a-x) 


rg 


Therefore, the point on the line joining the charges at which the electric potential is zero is the 
midpoint between the charges. Which is the same point as the one where the electric field is zero. 


(B) The negative value of electrostatic potential energy of a system of charges signifies that work has 
to be done by an external agent to bring the charges together to form the system. This work is stored 
in the form of the potential energy of the system. When the charges are allowed to move freely, the 
stored potential energy is converted into kinetic energy and the charges start moving. Thus, the 
negative value of electrostatic potential energy signifies that the charges in the system are bound 
together and require energy to be separated from each other 


9192 +, ee] 
ml r r 


— L [Ay x —4u) + 


z ATE, r 


1 
= “(4x 4 
ER (44 H) 


4 x 107? x —4 x 107? 
= 9 x 10? {| ———————— 
2 
= 7.2 x 10-10] 


49. Electric flux through the surface 


ey from the given figure, 


E0 


din = +92 = qı 
ü _ Gin q2 = qı 
La Eo -(4—* Eo ) 


50. As shown in the figure in accordance with Gauss's law the electric flux through the sphere surface, 


—2 
þe = = 


Eo 


(0,0) (a,0) 


51. The electric flux does not alter at all and remains unchanged. 


52. Flux through a surface is given by: 


p=E.ds 

S=0.1 x 0.1 = 0.01 m? 

$ = EScos 90° = 5 x 10? x 0.01 
= 50 Nm?c-1 


Area is 


When the square makes an angle of 30° with the x-axis, angle made by the normal with electric field 
is 90° — 30° = 60° 


Hence, & = EScos(60°) = 25 N m?C72 


53. (A) According to Gauss's law, electric flux through spherical shell S, : 


_ Q 
dı = En 
and flux through outer shell S,, 
Q+2Q  3Q 
er 
0 0 
cae 
62 3 


(B) When a medium of dielectric constant K = 5 is introduced in the space inside the shell S4 in 
place of air, flux through S; will be modified to: 


fi = i = Ké 
i.e., flux will be reduced to = 
54. 
a) @. =E,.Ä=-[500x0.1]x [(0.1%]=-0.5Nm?C" 


Qr = Ep . A=[500x 0.2] x [(0.1%]= 1 Nm? C? 
Net flux = Q1 + Qr = 0.5 N m?’ C? 


b) flux, @ = 
o 


charge, q = X £o 
=0.5 £ 
=44x10"°C 
(2024) 
55. (a) It is the measure of the total number of electric field lines passing 


through a surface normally. 


Alternatively 
Surface integral of electric field over a surface. 
Alternatively u a 
65 =E-A 
Mer A 
(b)¢g=E-A 
= (1007) - (10° *”) 
= (100%) - (0.82 + 0.6%)10~4 
=8x 10°°Nm’C"" 
(2024) 


56. We can see from the figure that on the left face E and DS are, 
$, = EAS = -2001 — AS 
= +200AS, since 7AS = —AS 
= +200 x r(00.05?) 
= +1.57 N m?c! 


the right point face E and AS are parallel and therefore 


Pr = E- AS = +1.57 Nm2cH!, 


For any point on the side of the cylinder E is perpendicular to AS and hence E. AS = 0. Therefore, the 
flux out of the side of the cylinder is zero. 


(A) Net outward flux through the cylinder 


$ = 1.57 + 1.57 +0 = 3.14Nm?C 1 


x=-10 cm 20 cm x=10cm 


(B) The net charge within the cylinder can be = 3.14 x 8.854 x 10°1?C found by using Gauss's law 
which gives 


q = &oh 
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